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TMeIupopuluﬁon Dynamics and

Landscape Ecology

Jahn A. Wiens

1. INTRODUCTION

The fusion of mesapopulation siwdies wl fandscape ecology should make for an exciitng
scientific syathesis (Hanskd and Gilpin, 1991)

The synthesis of metapopulation studies and landscape ecology anticipated
by Hanski and Gilpin has barely yet begun. There are at least two reasons for this
(Wiens, 1995a). First, as many of the chaplers in this volume illustrate, meta-
population theory continues 10 be tied 10 a view of spatial patterning of environ
ments in which patches are cmbedded in a featureless back ground marrix. Second,
landscape ecology seems still to be in the process of defining whal it is about and
loped much theory o deal

describing complex spatial paticms. but it has not de
with spatial patterning. By focusing on some shared areas of interest, perhaps the
synthesis of these disciplines can be accelerated.

In this chapter, I consider the relationship between the emerging (but yet
immature) discipline of landscape ecology and the emerged (but perhaps adoles-
cent) discipline of metapopulation dynamics. I will argue that considerations of
metapopulation structure may often be incomplete unless they are framed in the
context of the underlying landscape mosai
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Il APPROACHES TO PATCHINESS
Ecologisis have always known that nature is patchy and heterogensous, even

f their theory has not d it s0. Habitats in areas used by humans
sharply defined blocks or fragments, and the paichwork nature of the
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ological the patch structure of most environments is not. v-ﬁ:na are de-

landscape mosaic is es i such environments. Even in

spread in ecology of censidering such var
von though “paiches” are not always evident

cterogeneity has been a major challenge in both

y. Faced with the daunting complexity of spatial

Dealing with such spat
empirical and iheoretical
patterns in the real world, field ecologists 5;2.
and dynamics of ceological systems withi
nn -8 watersheds, woodlots) or swwamnag 5 variation into dimensionless
ices of heterogeneity or dispersion. More recentl has become fashionable
to map spatial patterns at broad scales using geographic information systems and
spatial stat , but the link between such technologies and ecologically impor-
tant questions is not always apparent.

Spatial variance also strains the capacities of analytical models and theory if
it is viewed explicitly (ie., by location) rather than averaged as “noise.” As a
consequence, many theoreticiens concerned with heterogeneity have contented
themselves with simple models in which spatiel patterning is collapsed into
patches and an ecologically neutral “matrix™ (Kareiva, 1990b; Wiens, 1995a).
Such patch-matrix theory is usually spatially implicit (Ha
the locations of patches in the matrix are not specified (Wien:
teresting dynamics occur in the paiches, which arc usually considersd to be in-
ternally homogeneous; the matrix is viewed as inhibiting interactions among
migration, colonization, gene flow, prey discovery by predators).

ended to focus on patiems
ly homogencous habitat types

habitat of a population o be subd
oceupying undefined locati
eling has progressed, however, details about pa
vidual movement capacities, local patch dynamics, and expl
have been incorporated (Hanski, 1994a.c; sec Hanski, this vol
et al., this volume)

Most paich
environment (Wi

d

the patches themselves. Although the spatial pattemn of some pal N
islands considered in island biogeography theory, may be relatively static in ec-

1y: Levin and Paine, 1974;
and temporal dynamics of patch
is work has followed the patch—matrix conceptualization of

simulated the sp
1990). Most of
spatial patterns.

The recent emergence

1993; Hobbs, 1995) offers the prospect for going beyond a simple
spatially textured view of het-
self spatially structured, and
spatial relationships play an active role in determining the dynamics within the
“patches” of interest. Patches are viewed as components in a landscape mosaic,
and what happens within and among the patches in a landscape may be cont
on the composition and dynamics of other elements of the landscape mosaic
(Wiens er al., 1993; Andrén, 1994; Wiens, 1995a, 1996a).

Il WHAT IS LANDSCAPE ECOLOGY?

mental helerogeneity or patchiness
1993),
If these definitions are a bit nebulous, i

the 1960s as a merging of
from land-use planning, landsc: ure, sociology, and other disciplines
(Tumer, 198%; Wiens er al., 1993) (Fig. 1, top). From the outset, the emphasis
was practical and applied: the focus was on the interaction of humans with their
environment at a broad (landscape) spatial scale. In the early 1980s, the.
colonized North America (and other continents, most notably Australia)., The
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Management

GIs
FIGURE | Consritbwtons 1 the historical development of kindscape ccology in Europs (1op) and

Morth America (bottom)

beachheads in North America were small and initially somewhat isolated. Perhaps
through founder effects or mutations, the development of landscape ecology there
followed a somewhat different trajectory (Fig. 1, bottom). The linkage with tra-
ditional ecology was much stronger than in Europe, and as a consequence the
questions asked and approaches used differed considerably. There was a more
onscious cmphasis on concepts (Wiens, 1995a), a greater reliance on quan-
titative procedures (Tumer and Gardner, 1991}, and an application of the land-
scape perspeciive io a broad range of basic as well as applied problems.

These pathways of historical development have led to three rather different
views of the primary focus of landscape ecology. Continuing in the European
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tradition, one view portrays landscape ecology as “a new holi

ew more explicitly emphasizes the structure and dynamics of landscape
mosaics and their effects on ecological phenomena ( Turner, 1989; Wiens er af,,
1993; W 995a). Rather than restricting the focus to broad scales, the scale
is dictated by the organisms studied and the questions asked
(Wiens, 1989%; Haila, 1991; Pearson ef al., 1996). In this view, landscape ecology
is more than just spatially explicit ecology, because the patterns and interactions
of entire mosaics are the focus of investigations.

of itself” (Hobbs, 1994). In addition 10 being a young discipline, it is also intel-
lectually immature, in that it lacks conceptual unity (cf. Lochle, 1987; Hagen,
1989). Tt has no well-defined theoretical framework { Turner, 1989; Wiens, 1995a)
and tends to be more qualitative than quantitative (Wiens, 1992a). Despite all of
this, several prevailing themes of landscape ecology have emerged:

*+ Elements in a landscape
time. In a landscape, patch qu
suitable vs

(patches) vary in quality in both space and

ich and between-patch dynamics.
ty among elements in a landscape mosaic has
major consequences on patch interactions and landscape dynamics (Lefkovitch
and Fahrig, 1985; Taylor ef al., 1993). How dismrbances propagate over a
landscape, for example, may be dictated by landscape connectivity as well as
houndary effects (Tumer ef al., 1989). Connectivity involves much more than
corridors.

* Patch context matters, What happens within a patch is contingent on its
location, relative to the structure of the surrounding mosaic. A patch of the same
habitat may be of quite different quality, depending on the features of adjacent
or nearby elements of the landscape (Wiens et al., 1993). Contrary i
biogeography theory (or, implicitly. patch-matrix theory), no patch is nd
(ef. Janzen, 1983),. Tt i contextual dependency that requires landscape ecol-
ogy to be spatially expl
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IV. HOW IS LANDSCAPE ECOLOGY RELEVANT TO METAPOPULATION DYNAMICS?
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ation is spatially subdivided into a serie:
e classical view emphasizes a balance between

W
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R

landscape structure are on individual movement patiems among patcl

. on patch ilities. In a landscape mosa
patch distances are not Euclidean (e.g., Fi

), may also be influenced by landscape structure,
Because very little empirical work that direetly links landscape ecology to
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metapopulation dynamics has been done, a discussion of how the major themes
of landscape ecology —spatial and temporal variations in paich quality, boundary
effects, landscape connecti and patch context—affect the three components
of metapopulation dynamics (local extinction, interpatch movement, and recolo-
jon) must necessarily be somewhat abstract and conceptual. It may be useful,
a few examples of the effects of land-
al examples are provided by Angelstam
nd Hobbs (1995).

ni:
therefore, to preface this discussion
scape structure in the real world. Ad
(1992), Fahrig and Freemark (1

A Some Examples of Landscape Effects

Some of the effects of landscape structure are related o
such as patch size or patches has been
related to the persisten {Verboom et ai.,
992), and the degree of spacing of habitat patches has been

at patches by the Glanville

ch characteristics

Movements of more than a kilo
plished by using small fragments as
interspersion of habitat patches was a critical fac
patch isolation and, the potcntial for
Patch edges and their configuration may also be important. The
of Glanville fritil s from paiches of suitable habitat, for exampl
with the proportion of the patch boundary that is bordered by open fields (Kuus-
saari ef al., 1996). Gates and Gysel (1978) found that the abundance of passerine
birds increased at the boundary between fields and forests, and they suggested
uals might be drawn to the edge as nesting habitat because of greater
there. Numerous studies (e.g., Angelstam, 1992; Andrén, 1992,
1993), however, have documented that predation rafes may be greater at such
ecotones, presumably due to predators living in adjacent areas. For some species,
edges may function as an “ecological trap” by atracting individuals to arcas in
which predation losscs are great (Gates and Gysel, 1978). Predation risks at hab-
itat edges vary as  function of the surroundings (Wilcove,
1992; Wiens, 1995b), so the landscape context of patches is al
son's (1993) work on habitat occupancy by birds in the Gean
illustrates the effects of landscape context. There, the composi
rounding matrix explained as much as 74% of the variance in h
by some species bul was unimportani for
sequences of such edge- and contex effects have recei
tention, but they may have important effects on metapopulation dynamics, es-
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pecially where popul
predation risk is s
The effects of c

0s are subdivided among many small habitat patches and

estern Australia, for cxample, Carnaby's cock-
o Iy funereus) use roadside vegetation as a pathway for for-
aging movements among woodland patches in arge home ranges (Saunders,
oodland patches are not linked or are not visually apparent to the
are not used, even though food may be available there, On the
iging honeyeaters (Lichenostonms virescens), which are habitat
generalists, readily fly across fanmland with little vegetation { Mersiam and Saun-
ders, 1993) and apparently make litlle use of corridors. Osborne (1984) found
that hedgerow arca was the best predictor of bird 5 richness in an area of
vulgaris) in wooded
The Netherlands was positively related to the amount of hedgerow
surrounding the fragments (Verboom and van Apeldoom, 1990). In Aus
the occupancy of corridors by arboreal marsupials could not be pred
habitat features within the corridor but required additional information on the
composition of the surrounding landscape (Lindenmayer and Nix, 1993).

B. Mavement and Migrafion

Individual movery

s inegraie het-
nd therefore perceive
985; Fahrig and Palo-
. 1991; With, 1994). At the
shape of a

maodels
and migration rates as the major determinants of patch-
probabilities (e.g., Hanski, 1994a). The Fahrig and Paloheimo (1988)
ion studics of the effects of the spatial configuration of paiches on popu-
, for example, indicated that migration
ne (or demographic featurcs such as birth
y when interpatch distances were great.
et al., (1995) modeled Bachman's sparrow {Aimophila
aestivalis) population dynamics, they found that demographic parameters were
more important than mortality during dispersal (although not necessarily dispersal
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rate or distance). These differences may stem from differences in model structure,
but they may also reflect basic differences in the life ies of the organisms

limited (as may occur when local populations are small).

Movement patterns such as diffusion or random walks are handy modeling
devices that may have some relevance (o how real organisms move through a
featureless matrix, but they are of limited value (other than as neutral models) in
specifying how individuals might respond to a complex landscape mosaic (e.g.,
Fig. 2B). C the of individuals through a landscape may
be viewed as a consequence of their movements within individual patches and
their movements between patches (Fig. 3A; Wiens er al., 1993). Within-patch
movement pattemns vary among different patch types. The prob:
individual will encounier a paich boundary during a specified time inerval is a
function of these patch-specific movements and of patch size and shape
(perimeter: arca ratio). Whether or not an individual will cross a patch boundary
a function both of features of the boundary itself (bound-
Stamps ef al., 1987, Wiens, 1992b) and of the characteristics
of the adjoining patch (patch context). [This is where another behavior, paich or
habitat choice, becomes impertant.] Both costs (¢.g., predation risk, physiological
stress) and benefits (e.g., shelter, food availability, mating opportunities) may
differ among elements in a mosaic, and movement patterns within and between
patches may reflect these relative costs and benefits (i.c.. patch quality), at least
in part (Wiens ef al., 1993; Wiens, 1996a). Some simulation models of metapop-
ulation migration in patchy cnvironments (c.g., Pulliam ef al., 1992; Adler and
Nuemberger, 1994) vary migration costs as a function of distance or incorporate

relevant to metapopulation dynamics, it must be extended to the scale of popu-
lation rather than individual patches (Fig. 3B). In simple terms, this is a matter
of shifting the scale from that of movements and patches defined by individual
home ranges to the broader-scale movements of populations (i.c., migration) and
the scale of patchiness represented by interactions within a | i

3 Metpopulation Dynamics ond Lundscape Ecology 53

A Individual

HGURE 3 (A) Panems of movement of an i wong elements
range. The movement pathway coasists of withia-paich and between.

encountesing the boundary will
‘and the beliwvior of the organisnis fe &, patch in paich j, & proportion ispersing
individ iy die o establish residency in the pach. Movements within patch ] (8) determine

hat the boundary between paich / and aother element in the landscape {patch &) will
 # determines p, the proporiian of dispersers from patch / that move into paich .
Values of #'and ¢ ase patch-specific (as is patch density, which may have density.dependent effects
an movemeat and migration). Developed from Wieas e al. (1993),

of the most vexing problems confronting a metapopulation-landscape synthesis
It is part of the more general problem of translating across scales in ecology
(Wiens, 198%; King, 1991; Rastetter er al., 1992),

My colleagues and I have used systems of
through grassland “microlandscapes” as expe
1993; Ims, 1995} to investigate how movemes affected by mosa
following the framework of the model of Wiens er al, (1993),
tenebrionid beetles (Eleodes spp.) indicated that individuals mov

ferently in
terogeneity, as
measured by the fractal dimension of the landscape pattern (Wiens and Milne,
1989). Movement alternated between matching the predictions of an ordinary
diffusion model and those of anomalous diffusion depending on mavement
“rules,” landscape pattern, and spatial and temporal scales (Johnson ef af., 1992a).
In particular, diffusion exponents changed significantly at spatial scales corre-
sponding to the size of vege patches (a radius of = 42 cm), suggesting that
the effects of spatial heterogeneity on beetle movements al finer scales differed
fundamentally from those at broader scales. Other work (Crist er al,, 1992} dem-
‘onstrated that variations in vegelation structure within 25 m? areas had significant

6
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effects on beetle movements and that these effects differed among Eleades spe-
cies. The net displacement of individuals per unit time, for example, was greater
in arcas dominated by bare ground and by continuous low grass cover than in
more helerogeneous arcas that contained cacti or shrubs, and larger beetle species
exhibited greater displacement: abitat type than did smaller beetles.
The relative complexity (fructal ) of the movement pathways, however,
was insensitive 10 variation among species or habitat types, at the 25 m?

vester ants, and grasshoppers in the same landscape mosaics revealed
differences in fractal dimensions of pathways (Wiens ef al,, 1995), indicating
inthe ways these 1o

at this scale.
These studies were conducted at relatively fine, “within-patch” scales and

ponded 1o landscape pattemns. To def

nto patterns of population

5) used a cell-based si

large species, Xanthippus carallipes, moved rapidly through this cover type. As
& consequence, it had increased patch-residence time (and an aggregated distri-
} in the remaining 35% of the landscape, A smaller a_xna..: Psoloessa

cies would .§ diverge from the random distribution used
tions. In fact, in the field both species exhibited the general dispersion patterns
predicted by the model.

How o these observations and model analyses of paich-specific movements
relate to the four components of landscape ecology (patch quality, boundary ef-
fects, patch context, and connect 2 The differences in within-patch movement
patterns may indicate differcnces in patch quality, but the sensitivity of model
predictions to the value of transition probal
that knowledge of within-paich movement pattems by itself is not adequate to
_H!._a—e.d.n scale population distributions. Something else uununn The most
ing the translation from individua
ion over a landscape are patch

1. If individual beetles react beh

_%@_ effects and the
orally o the patch
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boundary itself., the likelihood of maving from one patch 1o another will be al-
tered. If patch context is important, then the particular characteristics of what is
beyond a given patch boundary will further madify transition probabilities.

Landscape controls over movement patterns have yet to receive detailed ar-
tention in either models or field studies. Morcover, all of these approaches con-
sider the structure of the landscape mosaic to be fixed; patch dynamics in e
would add another level of realism (and further computational complications) to
the research program.

One aspect of landscape structure that is implicit in the spatial amangement
of mosaic elements and the transition probabilities among them is connectivity.

habitat linked together are thought 1o enhance com
Hobbs, 1992), but di habitat patches among whis
are high may also resul

that movement among spe
a metapopulation) will occur

As coverage drops below some threshold value,
ation begin ko be more important. In landscapes
le habitat, further decreases in coverage rest
ncreasing distance between habitat patches and even greater isol
. 4). For example, Andrén (1994) found that habitat loss was a good
predictor of fragmentation effects on birds and mammals in landscapes with
=30% coverage of sui . but in more highly fragmented landscapes
the effects of paich isol and size also became i important.
Such threshold effects al o lati

imple percolation models, a landscape mosaic is divided into suitable
and unsuitable habitat patches (cells) that are distributed over the landscape at
random, with a specified coverage or proportion, p, of the suitable patches (Gard-
ner et al., 1987, 1989). Above some critical threshold, p,,,., cells of the suitable
habitat are likely to form a continuous cluster that spans the landscape. An or-
ganism in this “percolating cluster” will be able o move or “percolate™ across
the landscape; connectivity is high (O"Neill ef al., 1988). For a random landscape
in which organisms move only to adjacent (but not diagonal) cells, Po has a
value of 0.5928. If the landscape pattern is wna:sa using a nonrandom algo-
rithm (e.g., fractal curdling; Lavorel ef al.
of p,,, is lower (0.29-0.50). Similar reduct
movement patterns to allow

7

Page




Weins.metapop biology.1997.pdf

56 Jofin & Wiens

Impertance of
Isolation or Habitat Loss

100% 0%
Proportion of Suitable Habitat
FIGURE 4 4 hypothesized relationship between the propomtion of suitable habitar in a landscape

able cells are not immediately adjacent ( Dale er al., 1994; Pearson
1d experiments with Eleodes beetles moving through random
landscapes (Wicns et al., in press) indicated a threshold change in movement
pattems when coverage of grass in a bare-ground matrix increased from 0 to 20%,

pe accupies a relative
¢ among organisms (
 also affect the location of a percolation
oheimo (1988) also suggested in a somewhat different context. Details of
the spatial arrangement of habitat patches in the mosaic, such as those modeled
by Lefkovitch and Fahrig (1985) or Adler and Nuemberger (1994), are likely to
become impariant only around or below

(Parus cristatus) young dispersed
1 week later from small, isolated pine stands than did those in large pine forests.
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Chicks from second broods were also more likely rse into less suitable
habitat fragments than were young from first broods. Collectively, these move-
ment istics reduced the p ity that d-brood young would be
imegrated into winter fiocks, which would affect their overwinter survival prob-
jon studies of Goldwasser ef al. (1994) sug-

gested that variabil
spread of a popul

5; Fahrig and Merriam, 1994) may further
migration dynamics in heterogencous landscapes.
al the complex interplay between fine-scale move-
ment pattems, broad-scale migration dynamics, and the nonlinear effects of land-
scape-mosiic structure may have fundsmentally important effects on the inter-
patch movements that lie at the heant of metapopulation dynamics.

C. Local Exinction and Recolonizotion

iges, however, can produce paich dynamics in the landscape that also

the extinction of local populations (Thomas, 1994c). If this is the case,
the local patch environment may remain unsuitable for some time after extincti
occurs, Under these conditions, the persi of the depend

patches. Because the location of suitable patches may be unpredictable
as well as in space, how organisms move through the landscape mosaic and
scales on which they perceive environmental patchiness become all the more

and the connectivity of habitats in the landscape. If fragment
scape so that the interspersion of habitat patches no longer
migration pattems of a species, metapopula
some degre, thi
etal,, 1995q).

1y rupted. To
ary in Finland (Hanski

8
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D. When Is a Landscape Approach Necessory?

essential features. In this sense, patch —m:
mprovement over theories based on spatial homogencity
en can the details of landscape structure reasonably be ig-

Green (1994) and Fahrig (Faheig and Paloheimo, 1988, personal communi-
cation) have addressed this question simulation models. Green considered
the effects of habitat i on to ion and per-
sistence and concluded that in highly connected landscapes one could treat the
entire landscape as a single element (in which case metapopulation theory is no
longer very relevant). If the landscape is strongly disconnected, on the other hand,
it may be possible to treat each element as 4 separate unit and ignore all but the
mast basic descriptors of patch structure (¢.g., patch size and separation). Closer
i the percolation threshold (Fig. 4), on the other hand, the explicit spatial ar-
rangement of patches in the landscape and the details of individual movements
and patch transition probabilitics may become much more important. Fahrig's
simulation analyses suggested that a landscape approach may not be required
when suitable habit
distances are large e to interpatch distances (i.e., the “grain” of the envi-
ronment is finer than that of the organisms), when movement patterns do not
differ greatly among different elements of the landscape (i.e., transition proba-
are roughly equal and high), or when the habitat pat phemeral. [n
jons, either the environment approaches homogeneity or the
such. If this occurs at a broad, population scale, then it is

V. METAPOPULATIONS, LANDSCAPES, AND CONSERVATION

dynamics to conservation issues is treated
volume, so I will not dwell on it here. If

The relevance of metapopul
in deiai Wy other chapters

3 Metopopulation Dynamics and Lendszape Ecology 59

metapopulations are to be viewed in a landscape context, however, some impli-
cations for conservation practice cannot be ignored,

The traditional focus of conservation has been on reserves, and much of the
debate about reserve design has dealt with the size, shape, and number of reserves.
Rescrves have usually been viewed as habitat islands (patches) in a background

because it fits neaily inio this patch—matrix tradition and because i
occurrence of habitat has i (Wiens, 1995b,

size and isolation of habi
are replaced by other hal

oundaries are often sharpened and pay
are altered, and the cost - berefit contours

species—area (S—A) relationship. A sc
been as evidence of

ivity, patch context, or
cape configuration

tality” (Brussard et al., 1992), the belicf that conscrvation pro
by establishing reserves and ignoring the surroundings. Reserves are necessary,
10 be sure, but arcas outside of reserves may also play important roles ( Noss and
Haurris, 1986; Saunders ef al., 1991; Woinarski et al., 1992; Barreit ef al., 1994;
Hanski and Thomas, 1994; Tumer et al., 1995; Wicns, 1995b, 1996b). For habitat
generalists or species that move widely, management of landscape mosaics over
large areas may be essential. In Al lia, for example, the endangered Gou
finch (Erythura gouldiae) has a limited and patchy distribution {Woinarski er al.,
1992). Large by populations still exist in several arces, and these can be

with transient
locations over the landscape. Manag:
work during this phase, when consi

9
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T e e
by theery il number of species that

is appropriaie i _.n e kit srna il b s, Limclocepe ffocts (1., commeiviy, petch

effects de.g.. low
ice species number
paints abou reponed
species- uea relaticnships mny reflect th effects of such mosaic featu

“The solution 1o such problems may be io shifi from reserve management io
“mosaic management,” in which reserves are combined with areas that receive
varied (and perhaps intense) human use. If one wishes to enhance a metapopu-
lation structure in an area, for example, it may be necessary 10 manage not enly
the habitat patches that contain {or could cont:
e o impede inierp:
st in terms of corrid
he management plan for northern spotted owl

._._-oae_ ef al., 1950), rather than ev.

ndscape structure affects movemen
. 1996b).

V1. CONCLUSIONS.

The main message of this chapter is that landscape structure may often be
an important component of metapopulation dynamics. Variations .s paich quality

3 Matopopelufion Dynarmics ond Londscope Ecclagy &l

hould not be one-sided. ion dyn,
e to the development of landscape ecology, in two ways, One
emphasizing the dynamics that oceur in a landscape. The spatiotemporal
n-_.n!;mr.n& and patch a shifting distributi
of among patches. | what controls these dynamics ad-

dresses issues of spatial relationships and mosaic composition that are at the heart
of landscape ecology. Moreover, an emphasis on these dynamics can draw atten-
tion away from the map-based ions that some 0
landscape ecalogy.

The second way in which metapopulation dynamics can contribute 1o land-
scape ecology is in the area of theory. In contrast to many other areas of ecology,
landscape ecology has developed rather little theory. The lack of theory may stem
in part from the diverse historical roots of the discipline (Fig. 1), but it may also
reflect the complexity of landscapes and their linkages. The variety of landscape
pattems is virmally ited, and thus there is no single masaic pattern (or small
set nm_._n._a_.:: about

into simple patterns of patches and m:
of landscape ecology as a predictive rather than a
concepts or theories thi

inue 10 add complexity and realism to simple
hey come closer and closer to devel
waluc of such models in enhanc

s chapter I have the

Whether or not a spatially subdivided population functions as a meta—
pends on how individuals move among patches, How individuals
tum, affected in a myriad of ways by landscape structure. Undet-

these effects on movements is of fundamental importance, yet we know
about movement in an ecol | context (May and Southwood, 1990;

heary will not provide much help
ion on well-designed empirical studies of
novements are affected by the explicit spatial patteming of en-

in space and time, the form and ility of patch
and characteristics of surrounding mosaic elements, and the connectivity among

Such investi can provide the ion and insights neces-
sary 10 bring metapopulation dynamics and landscape ecology together.

10
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